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Description 

Technical Field 

[0001] This invention relates to a humidifier for humid- 
ifying gas supplied to e.g., a fuel cell. 

Background Art 

[0002] In a polymer electrolyte fuel cell, a device for 
humidifying and supplying a fuel gas such as hydrogen, 
etc., and an oxidizer gas such as oxygen, etc. (hereinafter 
both are called a reaction gas) is required. 
[0003] For example, a device utilizing a hollow fiber 
membrane as disclosed in JP-A-8-273687 is known as 
such a humidifier. 

[0004] The humidifier in the conventional art will be 
explained by reference to FIG. 5. FIG. 5 is a schematically 
sectional view of the humidifier in the conventional art. 
[0005] As shown in this figure, the humidifier 100 in 
the conventional art consists schematically of a case 1 01 
and a hollow fiber membrane bundle 1 02 filled within this 
case 101. 

[0006] The case 101 is approximately formed in a cy- 
lindrical shape, and has an opening portion 101a atone 
end of the cylinder and an opening portion 101b at the 
other end. Further, the case 101 has opening portions 
101c, 101 d on its sidewalk 

[0007] And, the hollow fiber membrane bundle 1 02 is 
filled within this case 101. One end of the hollow fiber 
membrane bundle 1 02 is sealed between the outer wail 
faces of the hollow fiber membranes and between the 
outer wall faces of the hollow fiber membranes and the 
inner wall face of the case 101 so as to open only the 
hollow interiorin the opening portion 1 01 a. The otherend 
of the hollow fiber membrane bundle 102 is similarly 
sealed between the outer wall faces of the hollow fiber 
membranes and between the outer wali faces of the hol- 
low fiber membranes and the inner wall face of the case 
1 01 so as to open only the hollow interior in the opening 
portion 101b. 

[0008] Also, a clearance 103 is arranged on the side 
face side of the hollow fiber membrane bundle 102 be- 
tween the hollow fiber membrane bundle 102 and the 
case 1 01 . 

[0009] Thus, a first path entering the hollow interior of 
the hollow fiber membrane of the hollow fiber membrane 
bundle 102 from the opening portion 101a side (arrow 

50) , and reaching the other end side of the hollow fiber 
membrane bundle 1 02 through the hollow interior (arrow 

51) is arranged. Further, a second path entering the in- 
terior of the case 101 from the opening portion 1 01 d (ar- 
row TO), and reaching the exterior of the case 1 01 from 
the opening portion 101c through the clearance 103 is 
arranged. 

[0010] Thus, for example, the reaction gas is flowed 
to the first path and water is flowed to the second path 
so that the reaction gas within the first path is humidified 



by transmitting the water within the second path through 
the membrane of the hollow fiber membrane and diffus- 
ing this water into the first path. 
[001 1 ] Since the h umidifier is constructed so as to per- 

5 form a humidifying action by utilizing that water is trans- 
mitted through the membrane of the hollow fiber mem- 
brane in this way, the humidifying action is accelerated 
as the area of the flowing water coming in contact with 
the hollow fiber membrane is increased. 

10 [0012] However, in the above conventional art, since 
theconstructionforsetting plural hoiiowfibermembranes 
to a columnar bundle and flowing water onto its outer 
circumferential wall face is used, the water is flowed onto 
the outer circumferential surface of the bundle along the 

15 axial line. Thus, there are defects in that no water is suf- 
ficiently permeated to the interior of the bundle, and no 
hoilow fiber membrane near the center of the bundle ef- 
fectively functions, and humidifying efficiency is low. 
[0013] JP-A-2000 084369 discloses a humidifier com- 

20 prising the features of the preamble of claim 1 . 

[0014] An object of the present invention is to provide 
a humidifier for improving the humidifying efficiency. 

Disclosure Invention 

25 

[001 5] To achieve the above object, the present inven- 
tion resides In a humidifier as claimed in claim 1. 
[0016] Here, the upstream side of the first path may 
be set to one end side of the hollow fiber membrane bun- 
30 die, and may be also set to the other end side. Further, 
the upstream side of the second pathmay be set to the 
first opening portion arranged on the sidewall of the inner 
case, and may be also set to the second opening portion 
arranged on the sidewall of the outer case. 
35 [0017] Accordingly, since the second path is arranged 
so as to reach the outer wall side from the Inner wall side 
of the annular clearance, this path is extended from the 
inside diameterside of the hollowfiber membrane bundle 
filled in the annular clearance to the outside diameter 
40 side. 

[001 8] Thus, with the features of claim 1 , when the fluid 
is flowed toward the bottom within the sleeve of the inner 
case, the fluid can be flowed from each opening portion 
into the hollow fiber membrane bundle with good bal- 
45 ance. 

[0019] It is also preferable that a clearance is formed 
between the outer circumferential face of said inner case 
and the inner circumferential face of said hollow fiber 
membrane bundle. 
50 [0020] Thus, when the fluid is flowed from the first 
opening portion arranged in the inner case to the hollow 
fiber membrane bundle, the fluid can be equally flowed 
onto the inner circumferential face of the hollow fiber 
membrane bundle. 
55 [0021] It is also preferable that the gas after the hu- 
midification is supplied to a fuel cell. 
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Brief Description of Drawings 
[0022] 

FIG. 1 is a schematicaily sectional view of a humid- 5 
ifier, 

FIG, 2 is a perspective view showing an end portion 
of a hollow fiber membrane. 
FIG. 3 is a schematically sectional view of a humid- 
ifier in accordance with the present invention. 
FIG. 4 is a schematically sectional view of a humid- 
ifier 

FIG. 5 is a schematically sectional view of a humid- 
ifier in the conventional art. 

Best Mode for Carrying Out the Invention 

[0023] The preferred embodiments of this invention 
will next be explained exemplarily in detail by reference 
to the drawings. The sizes, materials, shapes, their rel- 
ative arrangements, etc. of constructional parts de- 
scribed in these embodiments are not intended to limit 
the scope of this invention only to them unless they are 
particularly specifically described. 
[0024] A humidifier will be explained by reference to 
FIGS. 1 and 2. FIG. 1 is a schematically sectional view 
of the humidifier in accordance with the first embodiment 
of the present invention. FIG. 2 is a perspective view 
showing an end portion of a hollow fiber membrane. 
[0025] The humidifier 1 in accordance with this em- 
bodiment is a device for humidifying a reaction gas (a 
fuel gas of hydrogen, etc., and an oxidizer gas of oxygen, 
etc. as mentioned above) of e.g., a polymer electrolyte 
fuel cell. 

[0026] And, as shown in these figures, the humidifier 
1 is schematically constructed by an inner case 3, an 
outer case 4 concentrically arranged with respect to this 
inner case 3, and a hollowfiber membrane bundle 2 filled 
in an annular clearance between these cases. 
[0027] The inner case 3 is constructed by a sleeve- 
shaped member having a bottom, and has an opening 
portion 32 at one end, and also has an opening portion 
(first opening portion) 31 on thesidewaii. Asingle opening 
portion 31 may be arranged and plural opening portions 
31 (plural with respect to the circumferential direction or 
the axial direction) may be also arranged, and they may 
be provided in accordance with necessity. Humidifying 
efficiency can be normally raised as plural opening por- 
tions are provided. 

[0028] The outer case 4 is constructed by a sleeve- 
shaped member, and has opening portions 43, 44 at each 
end. In the illustrated example, the opening portion 44 is 
formed on the sidewaii so as to perpendicularly bend a 
path on one end side. An opening portion (second open- 
ing portion) 41 is also arranged. 
[0029] The opening portion 41 is arranged on one por- 
tion of the circumference of a portion of the outer case 4 
diametrically increased so as to provide a clearance 42 



4 

between the side face of the hollowfiber membrane bun- 
dle 2 and the outer case 4. This is an arrangement to 
prevent the flow of a fluid flowing through a second path 
from being concentrated onto the vicinity of the opening 
portion 41 by detouring the clearance 42. 
[0030] And, plural ho!lowfibermembranes21 are filled 
in the annular clearance between the inner case 3 and 
the outer case 4, and form the hollow fiber membrane 
bundle 2. This hollowfiber membrane bundle 2 forms a 
hollow cylindrical structural body. 
[0031] Here, each hollow fiber membrane 21 is con- 
structed such that only the hollow interior faces the open- 
ing portions 43, 44 at both the ends of the outer case 4 
and is opened. Namely, in an end portion on the opening 
portion 43 side, the portion between the outer wall faces 
of the respective hoilow fiber membranes 21, and the 
portion between these outer wail faces and the inner wall 
face of the outer case 4 are sealed by a sealant. Further, 
in an end portion on the opening portion 44 side, the 
portion between the outer wall faces of the respective 
hollow fiber membranes 21 , the portion between these 
outer wall faces and the inner wall face of the outer case 
4, and the portion between these outer wall faces and 
the outer wall face of the inner case 3 are sealed by the 
sealant. Thus, only the hollow interiorfaces the opening 
portions and is opened at both the ends of each hollow 
fiber membrane 21, 

[0032] The opening portion 31 arranged in the above 
inner case 3, and the opening portion 41 arranged in the 
outer case 4 are constructed so as to be located on inner 
positions (inner in the axial direction) than positions 
sealed by the sealant. 

[0033] Thus, a first path entering the hollow interior 
21 a of the hollow fiber membrane 21 from one end side 
(opening portion 43 side) of the hollow fiber membrane 
bundle 2 (arrow SO), and reaching the other end side 
(opening portion 44 side) of the hollow fiber membrane 
bundle 2 through the hollow interior 21a (arrow S1) is 
arranged. 

[0034] Further, a second path entering the inner case 
3 from the opening portion 32 (arrow TO), and entering 
the clearance between the inner case 3 and the outer 
case 4 from the opening portion 31, and entering the 
interior of the hollowfibermembranebundle2,andreach- 
ing the device exterior from the opening portion 41 ar- 
ranged in the outer case 4 through between the outer 
wall faces of the hollowfiber membranes 21 (arrow T1) 
is arranged. 

[0035] Routes shown by the arrows of these first and 
second paths are set to explain the paths, and do not 
necessarily mean that the fluid (a humidifying object gas 
and a fluid including moisture) is flowed in the directions 
shown by these arrows. 

[0036] In accordance with such a construction, the re- 
action gas as a humidifying object gas is flowed to one 
of the first and second paths, and the fluid including mois- 
ture is flowed to the other. Here, water, a wet gas (an 
exhaust gas from cells of a fuel cell can be used), etc. 
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are included in the fluid including moisture. 
[0037] Thus, when the fluid including moisture flows 
along the membrane wall face of the hollow fiber mem- 
brane, the fluid is moved to a flowing passage of the 
reaction gas, and the moisture is dispersed Into the re- 
action gas, and the gas is humidified. 
[0038] This is because, when the gases of different 
humidities (or moistures) are flowed to the interior and 
the exterior of the membrane, the moisture flows from 
the direction of a high water vapor partial pressure to the 
direction of a low water vapor partial direction in nature, 
and only the moisture is transmitted through the mem- 
brane in nature. 

[0039] As mentioned above, in this embodiment, the 
second path is formed so as to extend through the outer 
wail face side of the hollow fiber membrane bundle 2 
forming the hollow cylindrical structural body from the 
inner wail face of the hollow fiber membrane bundle 2. 
Therefore, it contributes to the humidifying action from 
the hollow fiber membrane located on the internal side 
of the hollow fiber membrane bundle 2 to the hollow fiber 
membrane located on the external side so that humidi- 
fying efficiency can be improved. 
[0040] Further, as particularly shown in FIG. 1 , the dis- 
tance of the second path with respect to the axial direction 
can be sufficiently secured by arranging the opening por- 
tion 31 on one end side of the hollow fiber membrane 
bundle 2, and arranging the opening portion 41 on the 
other end side of the hollow fiber membrane bundle 2 so 
that the humidifying efficiency can be further improved. 
[0041] As mentioned above, the humidifying efficiency 
can be improved by the embodiment of the present in- 
vention. Further, it is thus possible to make the device 
compact in equivalent performance, or reduce the 
number of used hollow fiber membranes in comparison 
with the conventional art. 

[0042] For example, when the hollow fiber membrane 
bundle is set to have a columnar structure as in the con- 
ventional art and the columnar structure is set to 31 mm 
in outside diameter and 150 mm in length, 1000 hollow 
fiber membranes are required. In contrast to this, when 
the hollow fiber membrane bundle is set to have a cylin- 
drical structure as in this embodiment and the cylindrical 
structure is set to 16 mm in inside diameter, 32 mm in 
outside diameter and 1 50 mm in length, it is sufficient to 
arrange 750 hollow fiber membranes, and humidifying 
performance can be improved by about 10 %. 
[0043] Here, the humidifying performance is evaluated 
by a water vapor transmitting amount on a drying gas 
side when the humidifier is operated at the pressure and 
the flow rate of water or a wet gas, and the pressure and 
the flow rate of the drying gas to be humidified. 
[0044] The cylindrical structure is setto 1 3 mm in inside 
diameter, 26 mm in outside diameter and 150 mm in 
length and 550 hollow fiber membranes are used to sat- 
isfy the humidifying performance equivalent to that in the 
case of the conventional art. Therefore, the device could 
be made compact by about 33 %. 



[0045] Some more concrete embodiments will next be 
explained on the basis of the above embodiments. 

(First example) 

5 

[0046] A polymer material such as polyimide, etc. is 
used as a raw material of the hollow fiber membrane 21 . 
And, the hollow fiber membrane 21 has 3 mm or less 
(preferably 0.2 to 1 mm) in outside diameter, and plural 
10 very small holes of several nm are formed on its wall face. 
[0047] For example, 100 to 10000 hollow fiber mem- 
branes 21 are bundled and filled in the annular clearance 
between the Inner case 3 and the outer case 4 so that 
the hollow fiber membrane bundle 2 is formed. As men- 
's tioned above, this hollow fiber membrane bundle 2 is 
formed in a hollow cylindrical shape, and is designed 
such that its outside diameter is about 1.2 to 3 times the 
inside diameter and is larger by about 2 to 1 00 mm than 
the inside diameter (e.g., the inside diameter is set to 1 0 
20 to 100 mm, and the outside diameter is set to 12 to 200 
mm). The hollow fiber membrane bundle 2 is also set to 
about 50 to 500 mm in length. 
[0048] Further, the portion between the outer wall fac- 
es of the respective hollowfiber membranes 21 , the por- 
25 tion between these outer wall faces and the inner wall 
face of the outer case 4 and the portion between these 
outer walls and the outer wall face of the inner case 3 
are sealed at both the ends of the hollowfiber membrane 
bundle 2. Furthermore, an adhesive of epoxy resin, ure- 
30 thane, etc. is used as a sealant for fixing the hollowfiber 
membrane bundle 2. 

[0049] A core pipe manufactured by using hard resin 
such as PC (polycarbonate), PPO (polyphenylene ox- 
ide), etc. is used as the inner case 3. 

35 [0050] The number of opening portions 31 arranged in 
this inner case 3 and the position of the opening portion 
31 may be suitably designed in accordance with the re- 
quired humidifying efficiency, etc. as mentioned above. 
In this example, plural opening portions 31 are arranged 

4o at an equal interval near one end side of the hollow fiber 
membrane bundle 2 with respect to the circumferential 
direction. In contrast to this, the opening portion 41 is 
arranged in one place in the outer case 4 near the other 
end side of the hollow fiber membrane bundle 2. 

45 [0051] In accordance with such a construction, as 
shown in FIG. 1 , the reaction gas was flowed to the first 
path from the arrow SO to the arrow S1, and water was 
flowed to the second path from the arrow TO to the arrow 
T1. 

50 [0052] Thus, the water flowed into the second path 
flows from the opening portions 31 arranged at the equal 
interval near one end side of the hollow fiber membrane 
bundle 2 with respect to the circumferential direction to 
the opening portion 41 arranged near the other end side 

55 of the hollow fiber membrane bundle 2. Therefore, this 
water flows by a sufficient distance in the axial direction 
from the interior of the hollow fiber membrane bundle 2 
to the exterior. 
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[0053] Accordingly, each of all the filled hollow fiber 
membranes 21 effectively functions. Since the clearance 
42 Is formed, the water exuded to this clearance 42 can 
be easily discharged from the opening portion 41 by de- 
touring the clearance 42. Therefore, no flow is concen- 5 
trated onto the vicinity of the opening portion 41 . 
[0054] The humidifier excellent in humidifying efficien- 
cy could be realized as mentioned above. 

(Second example) 

[0055] In this example, waterfiowedtothe second path 
is flowed in the direction reverse to that in the case of the 
first example, i.e., from the opening portion 41 side to the 
opening portion 32 side via the opening portion 31 by 
using the humidifier of the same structure as the above 
first example. 

[0056] In this case, the humidifier excellent in humidi- 
fying efficiency could be similarly realized. 

(Third example) 

[0057] In the above first example, water is shown as 
the fluid including moisture as a humidifying medium, but 
a wet gas is used in this example. 
[0058] Here, since an exhaust gas after generating 
electricity by fuel cells holds high humidity in a polymer 
electrolyte fuel cell, this exhaust gas can be utilized as 
the humidifying medium (wet gas). 
[0059] In this case, the humidifier excellent in humidi- 
fying efficiency could be similarly realized. 

(Fourth example) 

[0060] In the above first example, the reaction gas is 
flowed to the first path, and water is flowed to the second 
path. However, in this example, water or a wet gas is 
flowed to the first path, and the reaction gas is flowed to 
the second path. No flowing direction of each fluid is lim- 
ited. 

[0061] Inthiscase, the humidifierexcellent humidifying 
efficiency could be similarly realized. 
[0062] A humidifier in accordance with the present in- 
vention will be explained by reference to FIG. 3. 
[0063] In the above first example, the opening portion 
31 is arranged only near one end side of the hollow fiber 
membrane bundle 2. However, this example will be ex- 
plained when plural opening portions 31 are arranged in 
different places in the axial direction. 
[0064] The other constructions and actions are the 
same as the first embodiment. Accordingly, the same 
constructional portions are designated by the same ref- 
erence numerals, and their explanations are omitted. 
[0065] FIG. 3 is a schematically sectional view of the 
humidifier in accordance with the present invention. 
[0066] As shown in this figure, in the humidifier 1a in 
accordance with this example, plural opening portions 
are further arranged in different positions in the axial di- 



rection as the opening portions arranged in the inner case 
3 in addition to the opening portion 31 arranged near one 
end side of the hollow fiber membrane bundle 2. In the 
illustrated example, opening portions 32, 33 are further 
arranged in two places. 

[0067] And, the opening diameters of these opening 
portions are set so as to gradually reduce toward the 
bottom of the sleeve-shaped inner case 3 having the bot- 
tom. 

[0068] In accordance with such a construction, when 
water or the wet gas is flowed to the second path from 
the arrow TO to the arrow T1 , the flowing-in amount in 
the f lowing-in of the water or the wet gas from each open- 
ing portion into the hollow fiber membrane bundle 2 can 
be adjusted by each opening portion. 
[0069] Here, when the arranging case of plural opening 
portions In different positions in the axial direction is con- 
sidered, flow path resistance within the hollowfiber mem- 
brane bundle 2 is reduced as the opening portion is near 
T1. Accordingly, if plural opening portions of the same 
size are bored, the flow is concentrated onto the opening 
portion near T1 so that only one portion of the hollow 
fiber membrane bundle 2 is effectively utilized. 
[0070] Therefore, by reducing the opening diameter of 
the opening portion nearthe bottom portion, the flow path 
resistance of this opening portion is increased and the 
flow rate of this opening portion is limited. Thus, the water 
or the wet gas is flowed into the hollow fiber membrane 
bundle 2 with good balance from the opening portion far 
from T1 so that the entire hollowfiber membrane bundle 
2 can be effectively utilized in the humidification. 
[0071] Thus, humidifying performance can be set to 
be best by gradually reducing and balancing the opening 
diameter of the opening portion. 
[0072] Accordingly, each hollow fiber membrane 21 
can be more effectively practically used, and humidifying 
efficiency can be raised. 

[0073] A humidifier will be explained by reference to 
FIG. 4. 

[0074] In this example, the arranging case of a clear- 
ance 34 between the outer circumferential face of the 
inner case 3 and the inner circumferential face of the 
sleeve-shaped hollow fiber membrane bundle 2 will be 
explained. 

[0075] The other constructions and actions are the 
same as the first embodiment. Therefore, the same con- 
structional portions are designated by the same refer- 
ence numerals, and their explanations are omitted. 
[0076] FIG. 4 is a schematically sectional view of the 
humidifier, 

[0077] As shown in this figure, in the humidifier 1b in 
accordance with this example, the clearance 34 is ar- 
ranged between the outer circumferential face of the in- 
ner case 3 and the inner circumferential face of the 
sleeve-shaped hollowfiber membrane bundle 2. Accord- 
ingly, when water or a wet gas is flowed to the second 
path from the arrow TO to the arrow T1 , the water or the 
wet gas flowed out of the opening portion 31 is flowed to 
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the clearance 34. Therefore, the water or the wet gas 
can be equally sent to the inner circumferential face of 
the hollow fiber membrane bundle 2. 
[0078] Accordingly, each hollow fiber membrane 21 
can be more effectively practically used so that humidi- 
fying efficiency can be raised. 

Industrial Application 

[0079] As explained above, in the present invention, 
the second path is extended from the inside diameter 
side of the hollow fiber membrane bundle filled in the 
annular clearance to the outside diameter side. Accord- 
ingly, the hollow fiber membranes from the interior of the 
bundle to the exterior can be practically used so that hu- 
midifying efficiency can be improved. 
[0080] If the first opening portion is arranged near one 
end of the hollowfiber membrane bundle and the second 
opening portion is arranged near the other end of the 
hollow fiber membrane bundle, the second path is ex- 
tended from one end side of the hollow fiber membrane 
bundle to the other end side so that the hollowfiber mem- 
brane can be more effectively practically used. 
[0081] If plural first opening portions are arranged in 
different positions with respect to the axial direction and 
the opening diameters of these opening portions are set 
to be gradually reduced toward the bottom of the inner 
case, the fluid can be flowed from each opening portion 
into the hollow fiber membrane bundle with good balance 
in the flowing case of the fluid toward the bottom within 
the sleeve of the inner case so that the hollowfiber mem- 
brane can be more effectively practically used. 



Claims 

1 . A humidifier (1 ) comprising: 

a sleeve-shaped inner case (3) having a bottom; 
a sleeve-shaped outer case (4) concentrically 
arranged with respect to the inner case; and 
a hollow fiber membrane bundle (2) filled in an 
annular clearance between the outer case (4) 
and the inner case (3); 
wherein the humidifier (1) further comprises: 
a first path (50, 51) from one end side of said 
hollow fiber membrane bundle (2) to the other 
endsidethroughthe hollow interior (21 a) of each 
hollow fiber membrane (21); and 
a second path (TO, T1 ) from a first opening por- 
tion (31) arranged on the sidewall of said inner 
case (3) to a second opening (41) portion ar- 
ranged on the sidewall of said outer case (4) 
through between the outer wall faces of the re- 
spective hollowfiber membranes (21 ) within the 
hollow fiber membrane bundle (2); and 
a humidifying object gas is flowed to one of said 
first and second paths, and a fluid including 



moisture is flowed to the other, 
wherein a plurality of said first opening portions 
(31, 32, 33) are arranged in different positions 
with respect to the axial direction, 
s characterized in that 

the opening diameters of these opening portions 
(31 , 32, 33) are set to be gradually reduced to- 
ward the bottom of the inner case. 

10 2. The humidifier according to claim 1 , wherein a clear- 
ance is formed between the outer circumferential 
face of said inner case (3) and the inner circumfer- 
ential face of said hollowfiber membrane bundle (2). 

15 3. The humidifier according to any one of claims 1 or 
2, wherein the gas afterthe humidification is supplied 
to a fuel cell. 



20 Patentanspruche 

1. Befeuchtungsvorrichtung (1) mit: 

einem hulsenformingen inneren Gehause (3) 

25 mit einem Boden; 

einem hulsenformingen auBeren Gehause (4), 
das konzentrisch in Bezug auf das Innere Ge- 
hause angeordnet ist; und 
einem hohlen Fasermembranbundel (2), das in 

30 einen ringformingen Spalt zwischen den auRe- 

ren Gehause (4) und dem inneren Gehause (3) 
gefullt ist; 

wobei die Befeuchtungsvorrichtung (1 ) des Wei- 
teren Folgendes aufweist: 

35 einen ersten Weg (50, 51) von einer Endseite 

des hohlen Fasermembranbundels (2) zu der 
anderen Endseite durch das hohle Innere (21a) 
jeder hohlen Fasermembran (21); und 
einen zweiten Weg (TO, T1) von einem ersten 

40 Offnungsabschnitt (31 ), der an der Seitenwand 

des inneren Gehauses (3) angeordnet ist, zu ei- 
nem zweiten Offnungsabschnitt (41), der an der 
Seitenwand des auBeren Gehauses (4) ange- 
ordnet ist, zwischen den AuGenwandf lachen der 

45 entsprechenden hohlen Fasermembrane (21) 

hindurch in dem hohlen Fasermembranbundel 
(2); und wobei 

ein zu befeuchtendes Objektgas zu einem von 
dem ersten und dem zweiten Weg stromt und 
so ein Fluid mit Feuchtigkeit zu dem anderen 

stromt, 

wobei eine Vielzahl der ersten Offnungsab- 
schnitte (31, 32, 33) in verschiedenen Positio- 
ner! in Bezug auf die axiale Richtung angeordnet 
55 ist, 

dadurch gekennzeichnet, dass 

die Offnungsdurchmesser dieser Offnungsab- 

schnitte (31 , 32, 33) so eingestellt sind, dass sie 
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zu dem Boden des inneren Gehauses hin all- 
mahlich verringert sind. 

2. Befeuchtungsvorrichtung gemaB Anspruch 1 , wobei 

ein Spalt zwischen der AuBenumfangsflache des in- 5 
neren Gehauses (3) und derinnen Umfangsflache 
des hohlen Fasermembranbundels (2) ausgebildet 
ist. 

3. Befeuchtungsvorrichtung gemaB einemder AnsprQ- 10 
che 1 Oder 2, wobei das Gas nach der Befeuchtung 
einer Berennstoffszelle zugefuhrt wird. 



externe dudit boitier interne (3) et la face circonfe- 
rentielle interne dudit faisceau de membranes (2) en 
fibres creuses. 

3. Humidificateur selon I'une quelconque des revendi- 
cations 1 ou 2, dans lequel apres Phumidification, !e 
gaz estfourni a une pile a combustible, 



Revendlcations 15 

1. Humidificateur (1) comprenant: 

un boitierinterne (3) en forme de manchon avec 
un fond; 20 
un boitier externe (4) en forme de manchon 
agence de maniere concentrique par rapport au 
boitier interne; et 

un faisceau de membranes (2) en fibres creuses 

rempii dans un espace annulaire entre [e boitier 25 

externe (4) et ie boitier interne (3); 

dans lequel ['humidificateur (1) comprend en 

plus: 

un premier chemin (50, 51 ) allant d'un cote" d'ex- 
tremite dudit faisceau de membranes (2) en fi- 30 
bres creuses jusqu'a ('autre cote d'extremite a 
travers la partie interieure creuse (21a) de cha- 
que membrane (21) en fibres creuse; et 
un deuxieme chemin (TO, T1) allant d'une pre- 
miere partie d'ouverture (31 ) agencee sur la pa- 35 
roi lateraie dudit boitier interne (3) jusqu'a une 
deuxieme partie d'ouverture (41) agencee sur 
la paroi lateraie dudit boitier externe (4) en pas- 
sant entre les faces de paroi externes des mem- 
branes (21) en fibres creuses respectives dans 40 
le faisceau de membranes (2) en fibres creuses; 
et 

un gaz d'humidification est fait circuler vers run 
desdits premier et deuxieme chemins, et un flui- 
decomprenantdel'humiditeestfaitcirculervers 45 
I'autre, 

dans iequei une pluralite desdites premieres 
parties d'ouverture (31, 32, 33) sont agencies 
dans differentes positions par rapport a la direc- 
tion axiale, so 
caracterise en ce que 
les diametres d'ouverture de ces parties 
d'ouverture (31, 32, 33) sont r6gl6s pour etre 
graduellement reduits vers le fond du boitier in- 
terne. 55 

2. Humidificateur selon la revendication 1, dans lequel 
un espace est forme entre la face circonferentielle 
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FIG. 2 
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FIG. 4 
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FIG. 5 
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